The rumen ciliate Epidinium ecaudatum was grown in vitro in one species culture. The culture medium consisting of salt solution, powdered hay and wheat gluten provided appropriate conditions for maintenance of the protozoa. The population density was influenced by the proportion of cellulose, starch and urea in the culture medium as well as by the solubility of protein. The ciliates did not require rumen fluid for the growth.
INTRODUCTION
Epidinium ecaudatum is one of the most common species of rumen ciliates. It belongs to the "large Ophryoscolecidae" and possesses high cellulolytic activity (Coleman, 1985) . This may suggest that this species of protozoa has an involvement in the supply of energy from indigestible carbohydrates to the host.
This study was carried out in order to provide some information concerning the possibility of maintenance of Epidinium ecaudatum in vitro in one species culture and relevant importance of various nutritional factors required for the development of a population of these organisms.
MATERIAL AND METHODS

Organisms, culture media and culture conditions
The ciliates originated from the rumen of cattle fed a hay-concentrate diet. The method for the initial inoculation of mixed cultures of protozoa and the preparation of a one species culture were the same as described previously .
Four types of salt solution (Table 1) were used to form the liquid part of the culture medium. Other components of the medium, treated as food, were: powdered hay, barley starch (Whelan, 1955) , wheat gluten (Klein, 1933; Pace, 1955) , soluble casein (BDH) and urea (POChem). Insoluble casein was prepared by precipitation with 10% TCA.
The protozoa were cultured anaerobically (100 % C0 2 ) according to routine methods established in this laboratory (Michalowski, 1975; Michalowski et al., 1991) .
The ciliates were fed every day and every fourth day they were transferred into fresh medium. A -"caudatum type", B -"simplex type" salt solution (Coleman et al., 1972) C -"Hungate type" salt solution (Hungate, 1942) D -artificial saliva (McDougal, 1948) Experimental cultures, sampling and counting All cultures were initiated by inoculation of the ciliate suspension (20 ml) into Erlenmeyer flasks containing 20 ml of culture salt solution and appropriate food. Three cultures were always run simultaneously in relation to any factor studied. Each culture experiment lasted 30 days.
Samples for the counting of protozoa and bacteria were taken on transfer days (see above) and were fixed with an equal volume of 4% formaldehyde solution.
Ciliate number was estimated according to Michalowski (1975) and the bacteria counte dwith the use of a Thoma counting chamber.
Statistic
The results obtained were analysed using Student's t-test.
RESULTS
The ciliates survived only in "caudatum type" salt solution irrespective to the composition of food. On the other hand they did not survive when only hay was supplied irrespective of the chemical composition of the salt solution. Protozoa were able to survive for many months when the hay was supplemented with an appropriate dose of wheat gluten, microcrystalline cellulose or barley starch. An increase in cellulose content was followed by an increase in the population density of Epidinium ecaudatum while the number of bacteria remained unchanged (Table 2) . Pure barley starch supported growth of Epidinium ecaudatum up to a dose of 0.1 mg/ml/d (Table 3 ). An increase in the dose of starch above this value caused a decrease in the population density of ciliates. Contrary to that the number of bacteria increased from 11.5 x 10 7 / ml to 14.8 x 10 7 / ml when the supplementary dose of starch was increased from 0.1 to 0.3 mg per ml per day. There was no correlation between the number of ciliates and bacteria in the cultures. Pure barley starch eliminated ciliates from the cultures within 12-16 days when was supplied at the rate of 0.3 mg/ml/d.
No correlation was observed (r =0.648; P>0.05) between the number of Epidinium ecaudatum and wheat gluten dose (Table 4) while the number of bacteria increased when wheat gluten dose increased (r = 0.940; P<0.01). The ciliates did not survive the replacement of wheat gluten with urea in doses exceeding 0.06 mg/ml/d. A urea concentration of 0.18 mg/ml eliminated protozoa from the cultures within 8 days (Figure 1 ). The number of ciliates in the cultures fed with hay, cellulose and soluble or insoluble casein are presented in Figure 2 . The population density of Epidinium ecaudatum in cultures receiving insoluble casein was approximately 1.5 times greater than in the cultures fed with soluble form of this protein (P<0.01).
TABLE 4
The number of Epidinium ecaudatum and bacteria in the cultures fed with hay (0.6 mg/ml/d) and cellulose (0.25 mg/ml/d) alone or supplemented with different doses of wheat gluten Wheat gluten dose Ciliates Bacteria mg/ml/d xlO 2 / ml xlO 7 / ml 0 3.6 + 0.20 9.1+0.14 0. Coleman et al. (1972) maintained Epidinium ecaudatum together with Polyplastron multivesiculatum in medium with rumen fluid. The studies presented here showed, however, that rumen fluid is not essential for these protozoa.
Any presence of starch in the medium was not necessary for the maintenance of Epidinium ecaudatum in vitro. A similar response was observed earlier in relation to Diploplastron affine, Anoplodinium denticulatum and Eudiplodinium maggii (Michalowski et al., 1986 (Michalowski et al., , 1991 .
The population density of Epidinium ecaudatum increased when cellulose content in the medium increased. This suggests that cellulose is an important factor influencing the growth of cultured ciliates which, possibly use this polysaccharide as a source of energy (Coleman, 1985) .
There was no correlation between the population density and protein concentration in the medium. On the other hand, the protozoa grew better when insoluble casein was used. This suggests that as in the case of Epidinium ecaudatum, solubility of protein may be an important factor in the development of the population of rumen ciliates (Michalowski, 1989) .
Urea positively affected the number of protozoa when supplied at a rate of 0.06 mg/ml/d. An explanation of this finding could be the increase in the total nitrogen content of the medium and more intensive development of bacteria as the rumen ciliates are unable to directly utilize urea (Onodera et al., 1977) . However, higher doses of urea were toxic to protozoa and a similar response was also observed in relation to Entodinium caudatum (Michalowski et al., 1987) , although the cause of this toxity is unknown. It is possible that it was due to an increase in the concentration of ammonia. Unfortunately no measurement of ammonia was made in this study and this suggestion requires further investigation.
